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ABSTRACT 


A  tangent -og  iva  and  three  compound  -on  lvo  railomea  ara  examined  for  uat  of 
ona  of  them  aa  a  aubatituta  atructura  in  analyala  of  Von  Raman  radoma  chamal 
ntraaaaa,  A  tr  leant  rtc  ogtva-cona  radoma  ia  choaen  aa  the  aubatituta,  becauae 
It  provldea  a  highly  aatlafactnry  rapraaantatlon  of  tha  Von  Karma n  proflla 
both  In  regard  to  approximate  duplication  of  croaa-aectional  radii  (r)  and 
coordinate  angle a  (♦)  for  naarly  all  valuaa  of  tha  apanvlaa  variable  (a). 

Tlia  Introduction  of  a  aubatituta  atructura  la  mada  nacaaaary  by  tha  abaanca 
of  atraaa  aolutlona  for  tha  Von  Raman  proflla  typa  of  atructura  In  currant 
and  paat  technical  litaratura,  but  a  thaoratlcal  aoludon  for  ogive  ahapaa  la 
avallabla . 

Alao,  tha  ramparatura  dlatrlbutlon  obtalnad  In  pravioua  Invaatlgationa  on 
tho  Von  Raman  teat  radoma  la  hargin  auccaaafully  impoaad  on  the  aubatituta 
atructura  with  raaulta  that  agraa  within  two  parcent  of  thoca  computed  from 
formulae  that  were  obtalnad  In  tha  earlier  atudlaa. 
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Silver  sytino  masylamo 

INTRODUCTION 

As  a  part  of  the  present  investigation  of  radome  thermal  stresses,  a 
requirement  was  established  to  analyze  the  Von  Karman  radome  that  was  subjected 
to  aerodynamic  heating  in  OAtfwind  tunnel  tests.  Owing  to  the  absence  of 
thermal-stress  (or  any  other  kind  of  stress)  solutions  for  the  Von  Karman 
profile  type  of  structure  in  the  current  and  past  technical  literature  and 
the  availability  of  a  theoretical  solution  for  ogive  shapes,  the  writer  elected 
to  introduce  a  substitute  structure  that  was  composed  of  one  or  more  ogives  in 
acceptable  representation  of  the  Von  Karman  test  radome.  The  examination  of 
a  tangent-ogive  and  three  compound -ogive  profiles  is  described  in  this  report, 
and  the  selection  of  a  substitute  radome  is  made  and  discussed. 

Temperature-distribution  functions  are  derived  and  explained  in  References 
(a)  and  (b).  They  furnish  the  means  for  specifying  and  deriving  the  necessary 
relations  that  enable  us  to  impose  the  Von  Karman  radome  temperatures  on  the 
substitute  structure,  which  also  is  carried  out  in  this  report. 

The  fundamental  theory  for  ogival  radomes  is  derived  in  Reference  (c). 

Also,  since  the  test  radome  was  constructed  of  Pyroceram  9606  material,  which 
has  heat-variant  properties,  these  properties  were  put  into  functional  forms 
in  Reference  (d). 

The  highly  successful  correlations  and  functional  descriptions  of  the 
analytical  and  experimental  temperatures  that  were  developed  in  Reference  (a) 
could  not  have  been  obtained  without  the  basic  information  supplied  in 
References  (b)  and  (e).  Reference  (b)  dealt  with  the  problem  of  flow  conditions 
around  the  nose  of  a  blunt  radome  and  provides  the  general  formulas  that  have 
made  it  possible  to  develop  spanwise  distribution  functions  for  radome 
temperatures.  In  Reference  (e),  equations  are  given  for  the  Von  Karman  radome 
radii  of  curvature  and  the  coordinate  angle  «! ) »  which  has  proved  to  be  the 
essential  variable  in  correlation  and  mathematical  description  of  the  spanwise 
temperature  distributions. 
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NOMENCLATURE 


A,B:  Constants 

F:  Fahrenheit 

H:  Intercept  parallel  to  r-axis,  inches 

K:  Constant 

L:  Intercept  parallel  to  z-axis,  inches 

R:  Radius,  inches 

T:  Temperature,  °F 

Z:  Geometric  axis  of  radome 

c:  Half-thickness  of  radome  shell  wall  (c  ■»  h/2),  inches 

f:  Function 

h:  Wall  thickness  of  radome  shell  inches 

t:  Length,  inches 

r:  Radius,  inches 

x:  Wall  thickness  variable  ratio,  x  *  y/c 

y:  Wall  thickness  variable,  inches 

z:  Coordinate  along  z-axis*  inches 

t :  Coordinate  angle,  degrees  or  radians 

The  following  notations  are  used  as  subscripts: 

a:  Values  at  outer  surface  "a" 

b:  Values  at  base  of  radome 

c:  Values  at  central  surface  "c" 

i,j:  Position  indices 

o:  Origin  or  initial  (zero) 

s:  Values  at  inner  surface  "s" 


TRICENTRIC  OGIVE-CONE  SUBSTITUTE  RADOME 


Coordinates  of  the  Von  Karman  radome  that  was  used  in  the  OAL  wind-tunnel 
tests  are  tabulated  in  References  (a)  and  (e).  To  represent  them,  several 
substitute  structures  were  examined,  and  it  was  found  that  the  compound  form 
shown  in  Figure  1  provides  satisfactory  agreement  with  the  Von  Karman  profile, 
which  was  drawn  also  on  Figure  1  for  comparison  with  the  substitute  structure. 
Other  proposed  substitutes  were  reviewed  and  are  discussed  subsequently. 

The  compound  ogive  pictured  in  Figure  1  describes  the  exterior  surface  of 
a  radome  whose  profile  is  composed  of  four  parts.  Starting  at  the  base,  a 
3.34- caliber  tangent  ogive  extends  along  the  length  for  nine  inches  (0  ^  z  9) . 
A  conical  segment  is  employed  over  th  i  next  nine  inches  (9  z  ^  18).  The  third 


o 


Fig.  I  Triccntric  Ogive  Cone  Radome  Compared  to  Von  Karman  Shape 
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part  la  a  4.40-caliber  secant  ogive  that  ll«»  between  •  *  18  inches  and 
approximately  28,15  inches.  Tha  final  part  ia  a  spherical  segment  serving  a** 
a  nose  to  complete  the  radome  leng'  to  28.3  inches. 

The  coord inatea  of  th«  foregoing  tricantrlc  ogive-cone  profile  are  given 
in  general  for  the  ogival  aagmanta  by 

r  -  R^sin  If  -  a  «  R^coa  if  +  Lj  (l) 

where  and  are  intercept  heights  and  lengths  that  respectively  parallel 
the  r  and  z  coordinate  axes.  And  the  conical-section  coordinate  r  is  expressed 
in  terms  of  coordinate  z;  e.g., 

r  ■  +  (*j  -  z)  cot  ^  (2) 

where  r^  and  zi  may  be  the  coordinates  at  either  end  of  the  conical  segment, 
and  ^  is  constant  (in  Figure  1,  ■  $3  ■  *  78°  30').  Specifically,  in 

relation  to  the  substitute  structure  of  Figure  1,  we  have 

r  -  0.2939sin  i,  z  •  0.2929cos  *  +  28.0061, 

0  £  *  £  60°53 ' 04" ,  (29.3  *  z  *  28.1491X  (3) 

r  -  35.3379sin  *  -  30.6158.  z  -  35.3379cos  f  +  10.9547 

60°53'04"  £  f  s  78°30\  (28.1491  £  z  *  18),  (4) 

r  =  4.0124  +  0.20345(18  -  z),  18  i  z  i  9,  -  78°30'),  (5) 

r  =  45 . 1422sin  \| 1  -  38.3922,  z  -  45 . 1422cos\|f ,  78°30'  S|s  90°, 
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(9  2=  z  2:  0). 


(6) 


TABLK  1.  Tricentrlc  Ogtve-Cune  Radons  Coordinate* 


1 

r 

R 

(inJ 

28.  3 

0 

0.2939 

28.24 

0.1769 

M 

2 8.1491 

.2368 

M 

27.9 

.3942 

35.3379 

27.3 

.7147 

M 

27.2 

.7664 

M 

26.3 

1.2163 

It 

2  V  3 

1.6794 

91 

24.3 

2.1054 

99 

23.3 

2.4956 

If 

21.225 

3.1966 

II 

19.5 

3.6735 

II 

18 

4.0124 

II 

14.15 

4.7957 

Q» 

11.9365 

5.2461 

II 

9 

5.8435 

II 

7.075 

6.1920 

45.1422 

4.3 

6  .  54  3  3 

II 

0 

6.75 

II 

HI.  f 

(InJ  (In.)  (dunalin 


0 

28.0061 

ii 

0 

37-00-2  5 

II 

ii 

60-53-04 

.10,6158 

10.9547 

61-20-45 

♦i 

ii 

62 -26-53 

n 

ii 

62-37-52 

it 

ii 

64-15-46 

it 

ii 

66-02-58 

ii 

ii 

67-48-44 

n 

ii 

69-33-09 

ii 

n 

73-06-15 

ii 

ii 

76-00-22 

ii 

ii 

78-30-00 

00 

"  m 

M 

II 

m  m 

II 

II 

m  m 

II 

38.3922 

0 

80-58-59 

•  1 

II 

84-31-03 

II 

II 

90 

•  ln  n  cot  f 


0 

1 

0.601,915 

0.798,566 

.873,640 

.486,372 

.877,528 

.479,522 

.886,598 

.462,543 

.888,063 

.439,714 

.900,791 

.434,245 

.913,897 

.405,947 

.925,951 

.377,648 

.936,995 

.349,350 

.956,832 

.290,631 

.970,326 

.241,817 

.979,920 

.199,370 

II 

II 

II 

II 

II 

II 

.987,639 

.156,727 

.995,422 

.095,255 

1  0 


and  values  calculated  from  these  coordinate  relations  are  listed  in 
Table  1  for  employment  in  the  subsequently  discussed  temperature- 
distribution  computations  and  in  Table  2  for  comparison  with  the 
Von  Karman  radome  coordinates. 
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TABU  L  fiaarAlniii  figaaii  tiaa  isxJlaiLUnMi  irrt.Sufriumi  Kiriamit 


(In) 

♦ ,  Von  Karmen 
(deg-mln-sec) 

9  .  Pig.  1  Sub. 
(dag-mln-aac) 

r.  Von  Karman 
(In) 

r,  Pig.  1  Sub. 
(In) 

r-Dlff . 
(X) 

?8.  3 

0 

0 

0 

0 

0 

27.3 

62-02 

62-26-55 

0.7128 

0. 7147 

0.27 

2  7 .2 

62-37-52 

62-37-51 

0. 7654 

0.  7664 

0.13 

26.3 

66-13 

64-15-46 

1.1924 

1.2163 

2.00 

25.3 

68-34 

66-02-58 

1.6072 

1.6794 

4.49 

24.3 

70-12 

67-48-44 

1.9828 

2.1054 

6.18 

23.3 

71-27 

69-33-09 

2.3304 

2.4956 

7.09 

21.225 

73-26-14 

73-06-15 

2.9845 

3.1966 

7.11 

19.5 

74-43-51 

76-00-22 

3.4758 

3.6735 

5.69 

18 

75-42-27 

78-30 

3.8714 

4.0124 

3.64 

14.15 

77-52-50 

H 

4. 7730 

4.7957 

0.48 

11.9365 

79-03-45 

II 

5.2345 

5.2461 

0.22 

9 

80-34-44 

II 

5.  7533 

5.8435 

1.57 

7.075 

81-39-34 

80-58-59 

6.0543 

6.1920 

2.27 

4.3 

83-27-35 

84-31-03 

6.4184 

6. 5433 

1.95 

0 

90 

90 

6.75 

6.75 

0 

From  the  preceding  Table  2,  we  Bee  that  at  equal  z-distauces  the  computed 
ppicentage  r-dif ferences  increase  to  slightly  more  than  seven  percent  and 
then  varyingly  decrease  to  zero  at  the  radome  bases.  Inasmuch  as  all  the 
r-values  of  the  substitute  structure  are  larger  than  the  original  radii, 
the  substitute  is  slightly  roomier  than  the  28.3"  x  6.75"  Von  Karman  radome. 
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TBMPgBAIURg  DISTRIBUTION 

A*  a  rule,  the  tomperaturs  distribution  <n  an  ogival  radoma  cannot  bo  daacribad 
by  tha  tarn®  function#  of  th«  coordinate  angle  (y)  aa  thoaa  obtained  for  a  Von 
Kaiman  radons,  even  whan  tha  outar-aur face  protllaa  aubatantlally  coincide  aa 
'  depicted  in  Figure  1.  The  Von  Karrnan  radoma  temperature  dlatrlbutlon  can,  however, 
be  impoaed  on  the  ogive  atructure  by  aucceaalvo  function#  reatrlcted  to  specified 
intervale  along  tha  length  of  the  aubatitute  structure.  This  procedure  was 
followed  in  the  present  instance  with  the  results  shown  in  Figure  2. 

It  was  demonstrated  in  Reference  (a)  that  the  Von  Karrnan  radome'a  outer  surface 
temperature  distribution  (Tg)  can  be  represented  by  general  formulas  developed  in 
Reference  (b)  by  inserting  empirical  coefficients.  From  equation  (1)  of  Reference 
(a),  the  general  relation  in  the  tranaonic  zone  is 

Ta  -  Xao  -  sina*(Ao  +  A1seca*  -  Agcos53*)3  (7) 

where  the  A^  are  empirically  determined,  and  Tgo  ■  (Tg)^  Q  is  the  temperature  at 
the  tip,  or  leading  edge,  of  the  radome.  The  interval  over  which  the  equation 
is  applicable  can  be  found  from  test  data,  or  it  can  be  calculated  by  analyses 
of  heat  exchange  from  air  to  radome  with  conduction  in  the  wall  toward  the 
radome's  base.  The  latter  method  was  used  to  secure  the  reference  data  reported 
in  Figure  4  of  Reference  (a).  These  temperature  data  were  computed  for  the 
transference  of  heat  through  the  boundary  layer  starting  with  laminar  flow 
followed  by  a  transition  to  turbulent  flow  based  on  a  specified  Reynold's 
number.  The  Taylor-McColl  conical-flow  theory  and  heat-transfer  analyses  were 
used  as  explained  in  Reference  (f)  on  the  computer  program. 

Beyond  the  transonic  zone,  the  general  formula  is 

T  -  T  -  sin2*(B  -  BaCos3*)2  (8) 

aao  o  » 

where  again  the  are  empirically  determined. 
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Outer  surface  temperature 


Fig.  2  Temperature  Distribution  for  Substitute  Radome 
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By  means  of  tha  regression  formulas  developed  In  Reference  (a),  the 
following  equations  were  obtained  to  Impose  the  Von  Karman  test  radome 
temperature  distribution  on  the  exterior  surface  shown  in  Figure  1  for 
the  substitute  radome. 

-  1319  -  sin8 'll  (132.85  -  18.78sec8*  -  112 . 64cos8*  )8  ,  0  s  *  s  60°53'04".  (9) 

-  1319  -  sin8  *  (5177.20  -  584.87sec8*  -  11 , 319. 75cos8* )8 

60°53'04"  £  *  £  62*26' 55".  (10) 

For  the  dashed  curves  at  the  top  of  Figure  2, 

T  -  1319  -  sin8*  (14.88  +  3.61cos8*)8,  0  £  *  £  60o53'04"  .  (11) 

a 

Tfl  -  1319  -  sin8*  (84.99  -  293. 66cos8*)8  ,  60053'04"  £  *  £  62°26'55';  (12) 

and  for  the  solid  curves  beyond  the  transonic  zone  in  Figure  2, 

Ta  -  1319  -  sin8*  (32. 68  -  51.48cos8*)8  ,  62°26'55"  £  *  £  66°02'58"/  (13) 

T  =  1319  -  s  in8  *  (24. 95  -  4.  56cos8  *)a  ,  62°02'58£  *  £  78°30',  (14) 

3 

a 

T  «  1319  -  (r/6.75)8  [  25.63  +  37. 57(z/28. 3}8  ]  ,  18"  £  z  £9",  (*  *  78°30'),  (15) 

3 

T  *  1319  -  sin8*  (26. 13  -  3.  35cop8*)8,  ?8°30’  £  *  £90°,  (16) 

a 

where  equations  (9)  to  (14)  and  (16)  apply  along  the  curved  portions  of 
the  substitute  radome,  and  equation  (15)  holds  in  the  conical  section. 

Equation  (15)  is  expressed  in  terms  of  the  coordinate  variables  (r,  z)  of 
the  cone  in  the  form 


-  9  - 


TM«  JOM**  HOMINI  UNIVtMITY 

APPLIED  PHYSICS  LABORATORY 

ft*  VO  0«H*MI  MAMVIAMO 


T«  "  Tao  "  (c/rb)S  t  Bo  “  *  <z/je)8  3  8  (17) 

because  f  *  78°30*  is  constant  for  the  cone,  but  r/r^  and  z/X  furnish 
variations  that  are  analogous  to  the  sine  and  cosine  effects  in  the  other 
equations.  And  the  dashed-cruve  equations  (11)  and  (12)  were  obtained  in 
order  to  study  their  influence  on  the  thermal  stresses  when  they  are  used 
instead  of  equations  (9)  and  (10). 

The  preceding  relationships  lead  to  values  that  agree  within  two 
percent  of  the  plotted  temperatures  for  the  Von  Karman  radome  (Figure  2); 
and  when  we  employ  f(x)  shown  below  for  the  wall-thickness  temperature 
dlf;tribut  ion,  we  find  that  the  temperatures  inside  the  radome  wall  and 
along  its  inner  and  outer  surfaces  can  be  computed  from 

T  ■  T  f(x)  (18) 

a 

where  T  *  T (t,x)  is  the  temperature  at  any  point  in  or  on  the  wall, 

T  ■  T  (♦)  is  given  by  equations  (9)  and  (10),  or  (11)  and  (12),  and  (13) 
a  a 

to  (16),  inclusive,  and  f(x)  “  f(y/c)  is 

f (x)  -  0.257  +  0.358x  +  0.305*?  +  0.084x?  (19) 

which  was  derived  in  Reference  (a)  for  the  Von  Karman  test  radome. 

Therefore,  by  means  of  the  foregoing  expressions,  one  can  reproduce 
the  temperature  distribution  in  the  substitute  structure  that  was  found 
for  the  Von  Karman  radome  in  Reference  (a). 

OTHER  SUBSTITUTE  STRUCTURES 

The  other  structures  that  were  examined  as  potential  substitutes 
for  the  28.3"  x  6.75"  Von  Karman  radome  are  shown  in  Figures  3  and  4. 

The  tangent  ogive  (Figure  3-a)  that  has  the  same  length  (28.3")  and 
base  radius  (6.75")  as  the  Von  Karman  radome  is  a  4.64-caliber  ogive.  Its 
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dimensions  can  be  calculated  from  the  following  expressions: 


R 

a 


62.7002" 


(20) 


H  -  R  -  r  -  55.9502" 
a  a  b 


(21) 


sin  *  -  r4  -  0.892,345;  cos  *  -  §-  -  0.451,354;  #  -  63°10'09"  (22) 

fl  R  fl  K  fl 

a  a 

and  its  r  and  z  coordinates  are  given  by 

r  *  R  sin  ♦  -  H  ■  R  (sin  if  -  sin  *  ) ,  z  ■  R  cos  if  (23) 

a  a  a  a  a 

but  one  observes  immediately  that  this  radome  has  a  sharp  point  with  an 

angular  value  (if  )  at  the  tip,  whereas  the  original  radome  is  blunt  nosed 
a 

with  if  *  0  at  the  tip.  A  further  comparison  is  made  in  Table  3  with  r-radii 
computed  at  the  quarter  points  ot  the  span  and  at  one  inch  from  the  tip. 

It  is  seen  in  the  Table  3  results  that  the  r- discrepancies  vary  from  -30.6 
percent  at  one  inch  from  the  tip  to  +7.5  percent  at  the  mid-point  of  the 
span,  with  the  first  percentage  being  too  much  for  acceptance. 

The  bicentric  ogive  of  Figure  3-b  constitutes  a  first  step  toward 
improvement  over  the  tangent  ogive  for  simulation  of  the  Von  Karman  shape. 

Only  one  set  of  coordinates  can  be  prescribed  by  requiring  them  to  equal 
the  corresponding  Von  Karman  profile  coordinates.  It  we  choose  r8 ,  in 
Figure  3-b,  the  ogive  radii  and  other  dimensions  are  determined  by 

rb  -  rs  Zl 

%  m  2  +  2(rb  -  ra)  '  ^ 

Rs  +l  < 

\  ~  2  ”  2(Ra  -  I)  h 


'  “  rb  (24) 

-  I  -  R1  (25) 
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h 

SiTl  *1  ■  I\,  -  R,,  * 

n 

o 

OB 

H 

1 

1 

(26) 

rx  -  Rj  cin  ifx  -  fyaln  *x  -  ^  cos  1f1  +  cos  ^ 


(2  7) 


and,  if  we  choose  z„  ■  27.2"  and  rB  "  0.7654"  as  in  Tables  2  and  3  for 
’  as 

the  Von  Kantian  shape,  we  find 


■I 

64.804" 

sin  ♦1 

■ 

0.901,250 

■ 

58.054 

cos 

- 

0.433,299 

h 

■ 

27.911 

♦i 

m 

64°19'23" 

m 

0.389 

zi 

as 

28.0795" 

Hi 

m 

o 

i 

ri 

n 

0.3506 

(28) 


with  which  the  coordinates  can  be  calculated  from  equations  (1). 

Further  comparison  between  this  bicentric  ogive  and  the  Von  Karman  form 
is  given  in  Table  3  where  the  cross-sectional  radii  appear  to  agree 
fairly  well;  but  the  surface  slopes  (measured  by  if)  were  found  to  be 
unsatisfactory,  especially  at  about  one  inch  from  the  tip  (z  ■  27.2" 
and  27.3"  in  Table  3). 

In  an  effort  to  improve  the  angular  correspondence,  the  tricentric 
ogive  shown  in  Figures  3-c  and  4  was  examined.  When  two  sets  of  co¬ 
ordinates  are  prescribed,  say  (r^  ,  z^)  and(r3,  Zg  )  in  Figure  3-c,  the 
ogive  radii  (R^) ,  the  intercepts  (H^  and  L^),  and  the  angles  (♦$_)  can 
be  calculated  with  the  following  group  of  equations. 


\ 


\ 


-  r. 


sin  *3 


r3  H 

*3 


COS  *3 


(29) 


*8  -  *3 


(30) 
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sin  *8 


(1-K?)  sin  1fa  +  2 K  cos  *3 

0  +  K8) 


cos 


2K  sin  *,+  (K*-l)cos  *3 

(TTF) 


(31) 


-  fa  ' 

^  s  in  ta  -  s  in  1a 


**  ‘  *» 


cos  cos  f. 


H*  -  Hj  +  (\-  Vsin  ,  I*-  (R,-  Rg)cos  *3 


*»+l  -h 


*s 


2  (Rg  -  1  +  1^  )  * 


V 1  -  *1 


sin 


g, 

V  Ra 


cos 


11-  *3 

V  R, 


(32) 

(33) 

(34) 


(35) 


rt  -  Rj  sin  ^  ,  Zj  -  Rl  cos  *x  +  ^  (36) 

The  following  dimensions  were  calculated  with  the  foregoing  expressions  for 
the  tricentric  ogive  drawn  on  Figure  4. 


*1 

m 

28. 1767" 

*3 

vx 

27.2" 

*3 

- 

11.9365" 

*i 

m 

0.2078 

r3 

- 

0. 7266 

r3 

S3 

5.  7815 

Hi 

m 

0 

a 

44.6836 

h3 

m 

67.  2913 

h 

m 

28.0633 

• 

3. 6930 

m 

0 

m 

0.2367 

R» 

- 

51. 1340 

*3 

m 

74.0413 

m 

61°23 ' 32" 

*3 

- 

62  °37  *  52  " 

h 

m 

80°43'22" 

8  in 

m 

0.877,917 

sin  *a 

- 

0.888,063 

8  in  <lr3 

m 

0.986,919 

cos  *x 

- 

0.478,814 

c  os 

- 

0.459,714 

cos  t3 

13 

0. 161,214 

It  may  be  noted  from  Table  3  that  the  tricentric  ogive  of  Figure  4  is  un¬ 
suitable  owing  to  radial  deviations  of  approximately  12.5  percent  along  the 
span  between  the  three-quarter  point  and  the  midpoint. 
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Fig.  4  Tricentric-Ogive  Radome  Dimensions 
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A  few  other  arrangements  wore  examined  In  rha  manner  described  in 
the  preceding  paragraphs,  and  It  was  concluded  that  the  compound  ogive 
of  Figure  1  optimised  "he  desirable  features  discussed  In  this  section. 


mm. 

A  tangent  ogive  and  three  compound -ogive  redome*  were  compared  with 
* 

the  26.3"  x  6.75"  Von  Karman  radome  to  select  a  substitute  structure  for 
the  analysis  of  thermal  stresses.  The  Von  Karman  radome  was  used  In  the 
OAL  aerodynamic  heating  tests  in  which  inner  wall  temperatures  and  thermal 
•trains  were  measured  at  a  few  points  for  verification  of  temperature  and 
stress  computations.  The  compound  ogive  shown  in  Figure  1  was  selected  as 
a  good  substitute  for  the  Von  Karman  shape. 

After  selection  of  a  suitable  substitute,  the  Von  Karman  test -radome 
temperature  distribution  that  was  obtained  in  earlier  investigations 
(References  (a)  and  (b))  was  imposed  on  the  substitute  radome.  ‘This  was 
done  on  a  piecewise  basis  along  the  span  because  one-to-one  correspondence 
between  the  Von  Karman  shape  and  any  other  profile  is  unobtainable  with  a 
single  function.  On  the  substitute  radome,  six  functions  were  employed 
to  impose  the  temperatures  that  are  described  by  three  functions  for  the 
Von  Karman  radome.  The  resulting  expressions  give  the  desired  temperatures 
within  computed  percentages  of  plus  or  minus  two  percent. 

The  approach  that  is  summarized  in  the  two  preceding  paragraphs  was 
adopted  owing  to  the  absence  of  thermal-stress  solutions  for  the  Von  Karman 
profile  type  of  structure  in  current  and  past  technical  literature  and  the 
availability  of  a  theoretical  solution  for  the  ogive  forms. 
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Baaed  on  the  present  studies  and  tha  rafarancad  Information,  it  la 
concludad  that: 

(1)  Tha  trlctntrlc  ogive-eona  radome  aalactad  haraln  providaa  a 
fully  aatiafactory  aubatituta  for  tha  28.3"  x  6,75"  Von  Karman  radome  In 
regard  to  tha  evaluation  of  tharmal  atrasaea. 

(2)  Tho  tamparatura  functiona  developed  herein  furniah  good  duplication 
of  tha  diatribution  in  tha  Von  Karman  teat  radome,  coming  within  two  percent 
of  tha  valuaa  computed  from  equations  that  were  evolved  in  a  previous  in- 
veatigation. 
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IS.  ABSTRACT 


A  tangent -ogive  and  three  compound -ogive  radomes  are  examined  for  use  of 
one  of  them  as  a  substitute  structure  in  analysis  of  Von  Karman  radome  thermal 
stresses.  A  tricentric  ogive-cone  radome  is  chosen  as  the  substitute,  because  it 
provides  a  highly  satisfactory  representation  of  the  Von  Karman  profile  both  in  re¬ 
gard  to  approximate  duplication  of  cross-sectional  radii  (r)  and  coordinate  angles 
for  nearly  all  values  of  the  spanwise  variable  (z).  The  introduction  of  a  substi¬ 
tute  structure  is  made  necessary  by  the  absence  of  stress  solutions  for  the  Von 
Karman  profile  type  of  structure  in  current  and  past  technical  literature,  but  a 
theoretical  solution  for  ogive  shapes  is  available. 

Also,  the  temperature  distribution  obtained  in  previous  investigations  on 
the  Von  Karman  test  radome  is  herein  successfully  imposed  on  the  substitute 
structure  with  results  that  agree  within  two  percent  of  those  computed  from 
formulas  that  were  obtained  in  the  earlier  studies. 
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